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SUMMARY 
Bosnia and Herzegovina ratified the United Nations  Framework Convention on Climate 
Change (UNFCCC) on May 17, 2000. The Kyoto Protocol was signed and ratified by the 
governments of 192 states and territories in the world. The Kyoto Protocol was ratified by 
Bosnia and Herzegovina on April 22, 2007, after completion of ratification procedures of all 
government levels. The First National Report of Bosnia and Herzegovina in accordance to the 
UNFCCC was issued in 2009 and the Second National Report of Bosnia and Herzegovina in 
accordance to the UNFCCC was adopted by B&H Council of Ministers in July 2013. The 
main goal of the Kyoto Protocol is to reduce greenhouse gas emissions to environment what 
caused many to focus on CO2 emissions as the most critical environment impact indicator. 
Concrete is by far the most widely used construction material worldwide. One of its major 
components is Portland cement as a binder. Total production of cement in Bosnia and 
Herzegovina is about 850,000 tons in 2012, while fresh concrete production and concrete 
products amount approximately to 1,300,000 tons in 2012. Taking in consideration that 
production of every ton of cement yields to approximately 0.9 tons of CO2 and every cubic 
meter of concrete contains about ten percent by weight of cement, significant quantity of CO2 
is produced by cement industry in Bosnia and Herzegovina. It is estimation in 2001, that 
cement industry emissions of CO2 represented around 4 percent of total CO2 emissions by 
energy and industry in Bosnia and Herzegovina. However, substituting significant amounts of 
cement in concrete mixture with industrial by-products such as silica fume, fly ash and blast 
furnace slag also leads to minimization of cement consumption, even producing more durable 
concrete. This paper discuss possibilities in decreasing CO2 emissions in cement and concrete 
industry, as well as necessity of following directions of green and sustainable building in 
Bosnia and Herzegovina.  
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1 Introduction 
The essence of the Kyoto Protocol invites nations to commit themselves in reducing 
greenhouse gas (GHG) emissions. The Kyoto Protocol was adopted in Kyoto, Japan, 
December 11, 1997, but enacted or enforced on February 16, 2005. The goal of this protocol 
is to cope with the adverse effects of climate change, or global warming. The UNFCCC 
(United Nations Framework Convention on Climate Change), states the goal of the Kyoto 
Protocol is "stabilization of greenhouse gas concentrations in the atmosphere at a level that 
would prevent dangerous anthropogenic interference with the climate system." 
 
Many countries have agreed to legally bind limitations/reductions in their emissions of 
greenhouse gases, as part of the Kyoto Protocol. These binding limitations/reductions are tight  
in two commitments periods. The first commitment period is related to emissions between 
2008-2012, and the second commitment period for emissions between 2013-2020.  
The Kyoto Protocol considers emissions of six greenhouse gases: 
 carbon dioxide (CO2); 
 methane (CH4); 
 nitrous oxide (N2O); 
 hydrofluorocarbons (HFCs); 
 perfluorocarbons (PFCs); 
 sulphur hexafluoride (SF6). 
There are 192 parties committed to the Kyoto Protocol. This includes 191 states (all the UN 
members except Andorra, Canada, South Sudan and the United States) and the European 
Union. The United States signed but did not ratify the Protocol. Canada withdrew from 
Protocol in 2011.  
 
 
 
 
 
 
 
Figure 1 – Kyoto Protocol Participation 
The Kyoto Protocol was ratified by Bosnia and Herzegovina on April 22, 2007, after 
completion of ratification procedures of all government levels. The First National Report of 
Bosnia and Herzegovina in accordance to the UNFCCC was issued in 2009 and the Second 
National Report of Bosnia and Herzegovina in accordance to the UNFCCC was adopted by 
B&H Council of Ministers in July 2013. 
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2.  New Construction Paradigm 
 
Construction industry is important part of the economy of each country. The old paradigm of 
construction took in consideration costs, schedule and quality.  This paradigm was often 
presented as a triangle or a pyramid with cost supported by schedule and quality in each angle. 
This was very well known to each construction or project manager. There was attention in 
achieving the desired quality in a scheduled period of time for a minimal particular cost.  New 
principles of green and sustainable approach to all aspects of human life introduced 
modifications of this paradigm in construction sector too. The Paradigm has changed and 
become much more comprehensive. 
  
 
 
Figure 2 – New Construction Paradigm 
The new paradigm involves additional factors beyond above mentioned. The  decision making 
model in designing a project in order to achieve sustainability requires the balance of the old 
factors, plus human health, safety and comfort as it relates to the environment.  Instead of a 
triangle or pyramid shape, depicting the decision model, the shape of the decision making 
model for sustainability construction looks like much more comprehensive.  
 
The new EU Construction Products Regulation (CPR 305/2011/EU), published by the 
European Parliament on March 9, 2011, completely replaced the Construction Products 
Directive (CPD 89/106/EEC) officially on  July 1, 2013 and took in consideration this new 
approach. In its definitions, CPR 305/2011/EU defines construction product as any product or 
kit which is produced and placed on the market for incorporation in a permanent manner in 
construction works or parts thereof and the performance of which has an effect on the 
performance of the construction works with respect to the basic requirements for construction 
works. “Kit” means a construction product placed on the market by  a single manufacturer as 
a set of at least two separate  components that need to be put together to be incorporated in the 
construction works. CPR 305/2011/EU defines term “construction works” buildings and civil 
engineering works. 
  
According to the CPR 305/2011/EU ANNEX I - Basic Requirements for Construction Works, 
Construction works as a whole and in their separate parts must be fit for their intended use, 
taking into account in particular the health and safety of persons involved throughout the life 
cycle of the works. Subject to normal maintenance, construction works must satisfy these 
basic requirements for construction works for an economically reasonable working life as 
follows: 
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1. Mechanical resistance and stability 
 
The construction works must be designed and built in such a way that the loadings that are 
liable to act on them during their constructions and use will not lead to any of the following: 
 
 collapse of the whole or part of the work; 
 major deformations to an inadmissible degree; 
 damage to other parts of the construction works or to fittings or installed equipment as 
a result of major deformation of the load-bearing construction; 
 damage by an event to an extent disproportionate to the original cause. 
 
2. Safety in case of fire 
 
The construction works must be designed and built in such a way that in the event of an 
outbreak of fire: 
 
 the load-bearing capacity of the construction can be assumed for a specific period of 
time; 
 the generation and spread of fire and smoke within the construction works are limited; 
 the spread of fire to neighboring construction works is limited; 
 occupants can leave the construction works or be rescued by other means; 
 the safety of rescue teams is taken into consideration. 
 
3. Hygiene, health and the environment 
 
The construction works must be designed and built in such a way that they will, throughout 
their life cycle, not be a threat to the hygiene or health and safety of workers, occupants or 
neighbors, nor have an exceedingly high impact, over their entire life cycle, on the 
environmental quality or on the climate during their construction, use and  demolition, in 
particular as a result of any of the following: 
 
 the giving-off of toxic gas; 
 the emissions of dangerous substances, volatile organic compounds (VOC), 
greenhouse gases or dangerous particles into indoor or outdoor air; 
 the emission of dangerous radiation; 
 the release of dangerous substances into ground water, marine waters, surface waters 
or soil; 
 the release of dangerous substances into drinking water or substances which have an 
otherwise negative impact on drinking water; 
 faulty discharge of waste water, emission of flue gases or faulty disposal of solid or 
liquid waste; 
 dampness in parts of the construction works or on surfaces within the construction 
works. 
 
4. Safety and accessibility in use 
 
The construction works must be designed and built in such a way that they do not present 
unacceptable risks of accidents or damage in service or in operation such as slipping, falling, 
collision, burns, electrocution, injury from explosion and burglaries. In particular, 
construction works must be designed and built taking into consideration accessibility and use 
for disabled persons. 
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5. Protection against noise 
 
The construction works must be designed and built in such a way that noise perceived by the 
occupants or people nearby is kept to a level that will not threaten their health and will allow 
them to sleep, rest and work in satisfactory conditions. 
 
6. Energy economy and heat retention 
 
The construction works and their heating, cooling, lighting and ventilation installations must 
be designed and built in such a way that the amount of energy they require in use shall be low, 
when account is taken of the occupants and of the climatic conditions of the location. 
Construction works must also be energy-efficient, using as little energy as possible during 
their construction and dismantling. 
 
7. Sustainable use of natural resources 
 
The construction works must be designed, built and demolished in such a way that the use of 
natural resources is sustainable and in particular ensure the following: 
 
 reuse or recyclability of the construction works, their materials and parts after 
demolition; 
 durability of the construction works; 
 use of environmentally compatible raw and secondary materials in the construction 
works. 
 
While the parties will ultimately always consider the cost of the design in construction, they 
now have to take into account the human factors as well as the environment and how the 
ecology of the design relates to the overall environment. 
 
Engineers and architects have choices of the material and products they use to design projects. 
Considering structure, the typical choice is among concrete, steel and wood. For roads and 
highways, the choice is generally between concrete and asphalt. Choice of the material 
depends on many factors including cost, characteristics, maintenance and performance for 
specific application. Today, engineers and architects are motivated more than ever before to 
select materials that are more sustainable due to increased interest in sustainable development. 
Discussing the term green building technology, it considers structures that are environmental 
friendly and resource-efficient throughout a building service life, from design to construction. 
Green approach to design of buildings assumes reducing overall impact on the natural 
environment by  efficient use of energy, water and other resources as well as reducing waste, 
pollution and environmental degradation. 
 
Right now it is assumed that about thirty percent of total CO2 emissions in the world belong 
to the human activities related to the construction sector. The Tables 1 and 2 show total CO2 
emissions per sectors in twenty-seven EU countries in period 1990-2007.  
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Table 1 - CO2 emissions by sector in EU 27 in millions of tones 
 
3.  Concrete and Cement 
 
Concrete is by far the most widely used construction material worldwide. In this regard, 
sustainable development of concrete and concrete design needs to be foundation of all 
construction activity in this millennium. For concrete production, the billions of tons of 
natural materials have been mined and processed worldwide and leave substantial mark on the 
environment. However, the most damaging aspect to the environment is huge quantity of 
energy used for production of Portland cement. In this process, large quantities of CO2 are 
also released into atmosphere. So, cement and concrete may have an important role to play in 
enabling reducing the total CO2 emissions from cement and concrete production. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2 - CO2 emissions by sector in EU 27 in shares (%) 
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Though “cement” and “concrete” are often used interchangeably, concrete is actually the final 
product made from cement. The primary component of cement is limestone. To produce 
cement, limestone and other clay-like materials are heated in a kiln at 1400°C and then 
ground to form a lumpy, solid substance called clinker; clinker is then combined with gypsum 
to form cement. 
 
Cement manufacturing is highly energy and emissions intensive because of the extreme heat 
required to produce it.  Producing a ton of cement requires 4.7 million BTU of energy, 
equivalent to about 200 kilo of coal, and generates nearly a ton of CO2. Given its high 
emissions and critical importance to society, cement is an obvious place to look to reduce 
greenhouse gas emissions. 
 
A single industry of cement accounts for around five percent of global carbon dioxide (CO2) 
emissions. It produces a material so ubiquitous it is nearly invisible: cement. Cement is the 
primary ingredient in concrete, which in turn forms the foundations and structures of the 
buildings we live and work in, and the roads and bridges we drive on. Concrete is the second 
most consumed substance on Earth after water.  On average, each year, three tons of concrete 
are consumed by every person on the planet. 
 
Concrete is used globally to build buildings, bridges, roads, runways, sidewalks, and dams. 
Cement is indispensable for construction activity, so it is tightly linked to the global economy. 
Cement production is growing by  percent annually, and is expected to rise from 2.55 billion 
tons in 2006 to 3.7 - 4.4 billion tons by 2050. 
 
 
The production of cement releases greenhouse gas emissions both directly and indirectly: the 
heating of limestone releases CO2 directly, while the burning of fossil fuels to heat the kiln 
indirectly results in CO2 emissions. 
 
The direct emissions of cement occur through a chemical process called calcination. 
Calcination occurs when limestone, which is made of calcium carbonate, is heated, breaking 
down into calcium oxide and CO2. This process accounts for approximately fifty percent of all 
emissions from cement production. 
 
Indirect emissions are produced by burning fossil fuels to heat the kiln. Kilns are usually 
heated by coal, natural gas, or oil, and the combustion of these fuels produces additional CO2 
emissions, just as they would in producing electricity. This represents around forty percent of 
cement emissions. Finally, the electricity used to power additional plant machinery, and the 
final transportation of cement, represents another source of indirect emissions and account for 
five to ten percent of the industry’s emissions. 
 
According to the First and Second BIH National Reports according to the UNFCCC, cement 
production industry in BiH produces the biggest amount of CO2 in industrial sector after the 
industry of steel and iron. It represents three percent of total CO2 emission in BiH. 
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Figure 3 – CO2 Emission in BiH in 2001 
 
The following table shows the quantity of cement produced in BiH made according to the data 
by Thematic Reports on Industrial Production in BiH in years 2009-2012 by Agency for 
Statistics BiH.  
 
 
Cement Production in BiH in Tonnes 
2009 2010 2011 2012 
1,073,762 948,513 893,017 845,657 
 
Table 3 - Cement Production in BiH 2009-2012 
 
Table 4 is made based upon data from the same source as previous table and represents 
production of concrete in BiH in period 2009-2012. 
 
 
Concrete Production in BiH in Tonnes 
2009 2010 2011 2012 
Concrete Products 282,496 330,194 408,732 328,788 
Fresh Concrete Mix 807,675 1,019,618 1,175,035 1,270,725 
TOTAL 1,090,171 1,349,812 1,583,767 1,599,513 
 
Table 4 - Concrete Production in BiH 2009-2012 
 
Analyzing these two last tables, it is obvious that cement production in BiH is reduced in 
period 2009-2012 by twenty-one percent, while concrete and concrete products production 
increased by almost forty-seven percent, which is very interesting comparison. Most possibly, 
it is a result of cement import in BiH from neighboring countries, while increase in concrete 
production is result of intensified efforts in construction on Highway-Corridor Vc, in period 
of time considered. However, as much as such trends are favorable to emissions of CO2, 
economical effects for economy of BiH are questionable. We will be happy to conclude that 
such trends are result of introducing green technologies in cement production, but 
unfortunately this was probably not a case. 
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4.  Opportunities for Reducing CO2 Emissions in Concrete Production in BiH 
 
A primary goal is a reduction in use of Portland cement, which is possible to archive by 
partially replacing it with various cementitious materials. Most preferably are byproducts of 
different industrial processes in which way double goal is scored. One of such materials is fly 
ash, actually a residue of coal combustion which can be excellent substitution. The use of fly 
ash has a number of advantages but some disadvantages as well. Fly ash can improve specific 
properties of concrete, such as durability. The fly ash is less expensive than Portland cement 
and since it is a waste product, it should be disposed at great cost. However, there is a 
relatively slow rate of concrete strength development, but it is irrelevant in applications where 
high early strength is not required. 
 
Another excellent cementitious material is ground granulated blast furnace slag. It is 
byproduct by steel industry. As fly ash, the ground granulated blast furnace slug can improve 
some mechanical and durability properties of concrete, while the cost of slag is comparable to 
Portland cement. 
 
Replacing cement with silica fume which is a byproduct of semiconductor industry is 
additional option, although there is no such industry in Bosnia and Herzegovina. This 
siliceous material improves both strength and durability of concrete and it is already part of 
concrete mix for high strength concretes. The silica fume is difficult to handle due to its 
extreme fineness and is much more expensive than cement. It also reduces the concrete fire 
resistance. 
 
The other aspect to make green concrete is substitution of virgin aggregate material with 
concrete debris, especially taking in consideration that vast amounts of material are needed 
for aggregate in concrete. Using such debris to produce new concrete conserves natural 
resources and reduces valuable landfill capacity at the same time. 
 
Additional possibility is material excavated from the construction of tunnels such as current 
construction of the tunnels at the Highway Corridor Vc, which may very well be suitable as 
aggregate to produce concrete for tunnel lining. In absolute terms, it may render unnecessary 
mining of hundreds of thousand tons of virgin materials for concrete aggregate. According to 
findings of the author of this paper, it is currently done exactly on the construction of the 
Highway Corridor Vc. 
 
Except the possibility discussed in last paragraph, Bosnia and Herzegovina did not do much 
about production of green concrete. However, further research developments abroad and in 
Bosnia and Herzegovina and different analysis should highlight the direction in reducing 
GHGs emissions in concrete and cement production, as well as other environmental aspects of 
the concrete production. So, the answer to the question from the title of this paper is not 
simple, but definite conclusion is – “concrete can be greener, than it is now”. This paper just 
highlights some possibilities and directions, but future research and analysis will provide the 
answer. 
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5.   Conclusion 
In general, the construction industry consumes forty percent of the total energy and about one 
half of the world’s major resources. It is estimation that production of concrete produces 
seven percent of total CO2 emissions in the world. Every one ton of cement produced, leads to 
about 0.9 tons of CO2 emissions and typical cubic meter of concrete contains about ten 
percent of cement. In the other hand, available sources of suitable virgin aggregates are 
depleted and opening new sources of virgin materials is getting increasingly difficult, because 
of environmental concerns. The water requirements for concrete production in the world are 
almost four trillion liters of water each year worldwide, and this does not include wash water 
and curing water. So, the possibilities for production of green concrete in Bosnia and 
Herzegovina are more or less the same as in the other countries and lead in two major 
directions: 
 
 Increased use of supplementary cementitious material, especially those that are 
byproducts of industrial processes; and 
 
 Increased reliance on recycled materials. Since aggregate constitutes the bulk of 
concrete, en effective recycling strategy will lesson the demand for virgin materials 
and diminish landfill areas capacities. 
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